Background
Population-based screening for carrier status of genetic conditions is increasingly becoming available in developed countries with future directions including carrier testing for large numbers of genetic conditions in a single instance using next generation technologies (Bell et al. 2011) . In Australia, population-based carrier screening is undertaken widely for haemoglobinopathies (Metcalfe et al. 2007 ) and is offered in some parts of the country for cystic fibrosis (CF) (Christie et al. 2006; Massie et al. 2009 ). In addition, screening is available in some states for conditions more prevalent in Ashkenazi Jewish populations, such as Tay Sachs disease (Gason et al. 2005; Barlow-Stewart et al. 2003) . Fragile X syndrome (FXS) and spinal muscular atrophy have also been identified as conditions for which carrier screening could be offered (Delatycki 2008) . Despite a population of approximately 21 million, there are no national screening programmes in Australia; genetics services and screening programmes vary from state to state ).
Although a range of factors are important to consider when developing population-based carrier screening programmes, a challenge is how to address the apparent lack of community awareness and knowledge about genetic conditions, in particular, the risk of being a carrier. Thus, it is recognised that education is an important component of population-based genetic screening programmes. Further, consideration of psychosocial aspects, such as decision making, attitudes, and understanding, should be incorporated into any evaluation of the feasibility and acceptability of such a programme (Godard et al. 2003) .
In the state of Victoria, Australia, research investigating population-based carrier screening for CF and FXS has involved needs assessments incorporating exploration of a wide range of factors which may inform decisions about implementation of screening programmes for both of these conditions (Archibald et al. 2009; McClaren et al. 2008; Metcalfe et al. 2008) .
Fragile X population-based carrier screening for non-pregnant women FXS is the leading cause of inherited intellectual disability. The carrier frequency in females is estimated to be 1 in 178 (Hantash et al. 2011) . There is a spectrum of clinical effects associated with FXS which includes learning, behavioural, emotional and medical problems, the most significant usually being cognitive disabilities and autistic-like behaviours. Female carriers of the premutation are at risk of having a child with FXS, may experience reduced fertility due to fragile X-associated primary ovarian insufficiency (Allingham-Hawkins et al. 1999) and are also at risk of fragile X-associated tremor ataxia syndrome (FXTAS), although the risk of FXTAS is greater for male carriers than for female carriers (Hagerman et al. 2001) . Due to concern about the multiple phenotypes and complexity of fragile X-associated conditions, current guidelines state that population screening for FXS be offered as part of 'well-defined clinical research protocols' (McConkie-Rosell et al. 2005; Sherman et al. 2005) . Recently, a pilot programme has offered fragile X carrier screening to non-pregnant women in Victoria , and this research is ongoing.
Cystic fibrosis population-based carrier screening for couples planning pregnancy or in the early stages of pregnancy
In January 2006, a fee-for-service programme commenced offering population-based CF carrier screening to couples either planning a pregnancy or at ≤14 weeks gestation (Massie et al. 2007; Ioannou et al. 2010) . Cystic fibrosis has a birth prevalence of 1 in 3,500 and a carrier frequency of 1 in 25 in Caucasians making it the most common severe recessive condition in children (Southern et al. 2007 ). Cystic fibrosis is characterised by chronic suppurative lung disease, pancreatic exocrine insufficiency and elevated sweat electrolytes (O'Sullivan and Freedman 2009). Due to improvements and advances in treatment, average life expectancy of people with cystic fibrosis has increased; there is a reported range of average life expectancy of around 30 years of age up to 50 years of age (O'Sullivan and Freedman 2009; Dodge et al. 2007 ). There is, however, no cure for cystic fibrosis. In addition to people with a family history of CF, guidelines recommend offering CF carrier screening to pregnant couples or couples planning a pregnancy (National Institutes of Health 1999; Human Genetics Society of Australasia Genetic Services Committee 2009).
In two recent studies conducted in Victoria evaluating psychosocial aspects of population-based carrier screening (Archibald et al. 2009; McClaren et al. 2008) , similarities were observed with respect to decision making in individuals from the general population. Qualitative approaches were used in both studies as the research questions were exploratory in nature. The studies were conducted independently and aimed to describe and understand participants' interpretations of the issues around population-based carrier screening, particularly focusing on views about screening, as well as barriers and facilitators to decision making. The FXS study involved interviews with 31 non-pregnant women who had been offered carrier screening as part of a pilot study (Archibald et al. 2009 ). The CF study sought participation, through interviews and focus groups, from 68 members of various 'stakeholder' groups of populationbased carrier screening, including both male and female participants, none of whom were offered screening (McClaren et al. 2008 ). These were: pregnant women and their partners (n=15), individuals and couples prior to pregnancy (n=19), health professionals (n=12) and people with a family history of the condition (n=22). Further detail of recruitment of participants is described elsewhere (McClaren et al. 2008; Archibald et al. 2009 ). Participants in the CF study were not offered carrier screening; rather, they were asked to consider the issues hypothetically whereas the FXS study did offer carrier screening and participants were interviewed about their experiences of this offer.
In this commentary, we describe similarities in perceptions about decision making observed in these two studies, despite their differences in design, and discuss the implications for the development of population-based carrier screening programmes. Variation in the design of these studies, specifically hypothetical vs. actual consideration of carrier screening, must be acknowledged. However, the purpose of this commentary is not to directly compare findings or provide new evidence but rather to discuss in greater detail observations made as a result of previous qualitative research and to highlight their potential implications. In doing so, this commentary aims to promote further consideration and discussion of the role of prior experience in decision making with respect to carrier screening for genetic conditions.
Perceived relevance: the role of reproductive stage of life and health-related life experience in decision making
During analysis of dialogue from the focus group and interview data from the two studies described above, we observed that for people offered a genetic test, there may be multiple steps along the pathway to ultimately making a decision about whether or not to have the genetic test on offer. It was observed that participants commonly made an initial judgement regarding the relevance of the genetic test for them. This initial judgement of relevance centred on two key areas: the participant's reproductive stage of life and the presence or absence of health-related life experiences. Based on their perception of relevance, participants would either consider screening in more detail or not consider screening further (Archibald et al. 2009 ). This staged approach to decision making is illustrated in Fig. 1 , and future research is needed to explore stages of decision making in more detail.
Research indicates that personal experiences are key factors influencing screening decisions (Etchegary et al. 2008 ) and can play a greater role in decision making than technical and clinical information (d'Agincourt-Canning 2005; Tercyak et al. 2001; Etchegary et al. 2008) . Further, the process of learning new information is grounded in experience, that is to say, the information that one takes in will be influenced by and interpreted based on prior relevant experiences (Kolb 1984) . Personal experiences and experience gained through a connection with others who have personal experience, also described as experiential knowledge, play an important role in decision making about health (Ziebland and Herxheimer 2008; Etchegary et al. 2008) . When considering prenatal diagnostic testing, it has been observed that women weave medical information with their own personal experiences, feelings and beliefs to negotiate decisions about testing (Lippman 1999). Experiential knowledge is both subjective and objective and is gained through personal and interpersonal experiences; in the present context, this includes experience with healthrelated matters, genetic conditions and disability. Abel and Browner (1998) describe two types of experiential knowledge: embodied and empathic. Embodied experiential knowledge is that originating from a personal experience, whereas empathic experiential knowledge is that which occurs from a connection with others who are experiencing an event (Abel and Browner 1998; Etchegary et al. 2008) . When participants in both the FXS and CF studies were presented with the concept of genetic testing, they commonly drew on both embodied and empathic experiential knowledge to assist in determining whether the genetic test was salient. The use of embodied and empathic experiential knowledge observed in the two studies is illustrated in the examples provided in Table 1 and can be classified into the following five approaches to perceiving relevance of a genetic test offered in a population-based carrier screening programme (Table 2) :
I know nothing about this topic; therefore, I think genetic testing is not relevant for me.
Absence of health-related life experiences may lead individuals to perceive a genetic screening test as irrelevant to them and individuals may dismiss the offer of the test with little consideration. This perspective is potentially the most problematic approach when offering population-based genetic screening. It is widely agreed that when offering genetic tests, it is important for individuals to make autonomous decisions, based on sufficient knowledge, that are consistent with their own beliefs and values and that there has been an opportunity for the individual to deliberate (van den Berg et al. 2006) . However, if a person perceives that screening is not relevant to them before fully weighing up the pros and cons of having the test, Examples from the FXS study (Archibald et al. 2009) Examples from the CF study (McClaren et al. 2008) Healthrelated life experience
A woman who learnt she had haemochromatosis after a prolonged search for an explanation for her health problems was highly motivated to consider FXS carrier screening.
A man would not consider CF carrier screening because he has had relatively good health to date.
A woman who recalled feeling frustrated about having missed the opportunity to have first trimester screening for Down syndrome for her first pregnancy was eager to consider FXS carrier screening.
A woman from the CF study discussed her enthusiasm about the idea of being offered testing 'for everything', including CF carrier screening, because of prior experience of recurrent miscarriages. A woman who works with children with special needs spoke of her motivation to consider FXS carrier testing because of her perceptions of the impact of disability on families. A woman who commented that she would be motivated to think about CF carrier screening because she was planning to have a child.
they may have missed the opportunity to make an informed decision.
I know something about a genetic condition/a disability/ a health problem; therefore, I think genetic testing might be relevant for me.
We observed that prior health-related life experiences appeared to spark a person's interest in learning more about the genetic test, leading to them to consider screening in greater detail. However, unless that experiential knowledge is similar to the condition being screened, there would be potential for confusion and misinformed decisions. For example, as seen in the CF study, some women perceived CF carrier screening to be relevant to them because they incorrectly associated it with advanced maternal age and increased risk of a Down syndrome pregnancy. This might be expected if CF screening was offered in a prenatal setting, along with other tests including screening for Down syndrome; however, even in the context of discussing preconception CF carrier screening, participants drew a connection to advanced maternal age. I know something about this genetic condition; therefore, I think genetic testing might be relevant for me.
Having knowledge about the specific genetic condition could be particularly useful in making a decision about the genetic test being offered and has the potential to lead to well-informed decisions. However, for many genetic conditions, including FXS and CF, there is substantial variation in severity, and therefore, peoples' perceptions about the way in which a genetic condition affects an individual may vary. I am pregnant/thinking of having children (soon); therefore, I think genetic testing might be relevant for me.
Our data indicated that participants, not unreasonably, associated genetic carrier tests for both FXS and CF with reproduction and those who were pregnant or planning to have children in the near future appeared to be more interested in contemplating screening. Although the genetic status of an individual does not change and thus genetic testing is applicable to an individual or couple regardless of their stage of life, it may be that this is not always grasped by members of the general population due to a lack of awareness of genetic testing and its implications. Thus, the timing of the offer of testing becomes an important consideration as it can impact on the extent to which an individual will perceive screening to be beneficial to them. If screening is offered before pregnancy, there are a range of reproductive options available to the individual/ couple as well as time to consider those options and make decisions, whereas in pregnancy options are more limited and time for decision making is reduced. Although gaining knowledge of carrier status prior to pregnancy is ideal, this situation is less likely to occur at present due to limited awareness of carrier screening and lack of widespread availability of preconception screening. In order to offer screening at a time that is perceived to be relevant and beneficial to learn one's carrier status, more research and resources are needed to determine whether to and how to approach offering carrier screening at multiple stages of life. I am not thinking of having children (soon); therefore, I think genetic testing is not relevant for me.
As stated above, it was observed that individuals often perceive genetic carrier screening to be related to reproduction and consequently consider it with respect to their reproductive stage of life. Although those who decline screening due to a perceived lack of relevance may take up the offer of screening at a later date, this approach does not take into account the possibility of an unplanned pregnancy. Further, if an individual chooses to defer their consideration of carrier screening to a later date, perhaps when planning a pregnancy, strategies would need to be put in place to ensure these individuals know how to access the test when it becomes more relevant to them.
Implications for population-based genetic carrier screening programmes
We observed that people may use a combination of experiential knowledge, embodied and empathic, as a way of perceiving relevance, or primarily use one or the other. It is therefore important to consider the use of such experiences when making the offer of carrier screening at a population level. Drawing on personal or interpersonal experiences may mean that two people of similar a priori risk make different decisions regarding carrier testing based on their own perceptions of relevance created through experiential knowledge, and in some cases, these perceptions may be misinformed. We believe it is crucial that the role of experiential knowledge in influencing individuals' perceptions of relevance is incorporated into the development of educational materials and genetic counselling approaches in population-based genetic carrier screening programmes.
We suggest that experiential knowledge may play a role in subconscious filtering of information about screening occurring before a formal decision-making process involving weighing the pros and cons of screening. Factors influencing decision making about genetic carrier screening have been widely investigated, particularly in the context of carrier screening for CF. Research indicates that a variety of factors play a role in screening decisions such as perceptions of the value of knowing carrier status, particularly for reproductive planning; the extent to which individuals perceive themselves to be at risk of receiving a carrier result and the severity of the condition. Other factors also impacting on screening decisions include parity and intention to have children, views of healthcare providers and level of knowledge (Chen and Goodson 2007) . Interestingly, perceptions of the severity of the genetic condition appear to influence decision making in population-based carrier screening to a lesser extent (Janz and Becker 1984) which may potentially be due to lack of personal experience of the condition (Sheeran and Abraham 1995) . Additionally, perceptions of relevance influenced by experiential knowledge may underlie perceptions of risk.
It is often difficult to ascertain the proportion of people who choose not to participate in genetic screening research or in fact choose not to have a genetic test. There are many examples where uptake of screening has been demonstrated to be influenced by the presence or absence of barriers and the way such screening is offered, with active approaches yielding higher uptake than passive approaches (Bekker et al. 1993; Clayton et al. 1996; Hill et al. 2010; Archibald and Wilfond 2006; Metcalfe et al. 2008; Cronister et al. 2005; Henneman et al. 2003) . Despite best efforts to target screening to populations for whom it is most relevant based on life stage or a priori risk, there is always a proportion of people who opt not to consider screening. It is likely that some of these individuals have perceived the offer of a genetic test as being irrelevant to them and therefore have chosen not to consider testing. Conversely, it is possible that those who have screening, even when offered using passive approaches, are those who most strongly draw on their life experience and/or life stage, no matter the context, and choose to have screening. For these people, their decision may be informed by factors that have little or no relevance to the context in which they are making the decision and therefore may not be considered to be an 'informed decision'. Future research is necessary to ascertain the extent to which perceptions of relevance play a role in whether or not people consider genetic carrier screening for themselves.
These findings pose challenges for the implementation of screening programmes: how might 'perceived relevance' be incorporated into decision-making about screening? Can perceptions of relevance be influenced by providing personal accounts of genetic conditions to simulate experiential knowledge? How do we offer a screening programme that allows for changing stage of life with time? For example, people offered screening one year may perceive screening to be irrelevant, but in time, with changing circumstances, their perceptions may change. For those who perceive screening as relevant, how do we avoid misinformed decisions due to inadequate knowledge gained through prior experience? We believe perceptions of relevance based on experiential knowledge could be problematic for informed decision making because by perceiving the test as irrelevant, or by perceiving it as relevant but making a decision based on misinformation, the opportunity for informed decision making could be limited. We are not suggesting that people have genetic tests per se but rather that people are provided with the opportunity to make an informed decision about whether or not to have a test.
These observations illustrate challenges of populationbased screening and suggest the need for educational and counselling approaches tailored to the general population. In order to facilitate informed decisions, the role of perceived relevance in decision making should be incorporated into genetic carrier screening programmes. Potential avenues for doing so are summarised in Box 1. Pre-test information should provide insight into the 'lived experience' of the condition so that those offered screening can formulate a perception of what a carrier result would mean for them and their families. Information about the condition could be presented using vignettes or videos of people with the condition and their families which may help personalise the information. Ziebland and Herxheimer (2008) discuss the use of a website (www.heatlhtalkonline.org) which provides narratives from people with a range of medical conditions. Other examples exist relating specifically to genetic conditions such as the 'telling stories' website (www.tellingstories.nhs.uk).
In developing this information for screening programmes, it is essential that it occurs in collaboration with patient organisations and support groups to assist in gathering stories and in ensuring that the information provided is an accurate reflection of the condition (Godard et al. 2003) . In addition to providing avenues to create experiential knowledge, individuals could be encouraged to critically reflect on their prior experiences to consider how these might be influencing their perceptions of the carrier screening test. Critical reflection is a key component of adult learning and is a process whereby individuals explore the basis for assumptions and reframe preconceptions in the presence of new information (Brookfield 1996) . Health professionals offering screening (including genetic counsellors) can be instrumental in supporting individuals to reflect on experiences of health-related matters (particularly, of disability) and how this impacts on perceptions of the genetic screening test and choices made (Hodgson and Weil 2011) . In a population-based screening setting, experiential knowledge may be more challenging to incorporate into the offer of screening compared to a clinical setting. Some potential modes of doing so have been suggested in Box 1. New approaches to testing will mean moving away from offering a single test for a single condition, to offering one test for many conditions (Bell et al. 2011) . A particular challenge will be determining how to provide information for people to make a decision about testing, especially in the absence of relevant life experiences. Providing the 'lived experience' of each individual condition will not be possible. A recent approach in the newborn screening setting, in which testing for multiple conditions was offered, involved providing information on categories of conditions in the general terms 'treatable', 'less treatable' and 'untreatable' and gave one specific example for each category (Plass et al. 2010) . Similarly, population-based carrier screening in which multiple conditions are tested for could involve providing information on the experience of a specific example within a category of conditions such as neuromuscular conditions (i.e. Duchenne muscular dystrophy or spinal muscular atrophy). In which case, information could focus on the pathway of delayed development, loss of previous function such as ambulation and the impact on daily life of the individual and the family. In addition to provision of information about the personal and family experience of the condition, those offered screening could be encouraged, through information materials, to consider the experience of receiving a carrier result.
Population-based carrier screening brings with it a number of complexities related to the lack of knowledge and awareness of genetic conditions in the general population. With advances in technology and the expanding scope of genetic carrier screening at the population level, it is unlikely that individuals from the general population offered screening will have much knowledge about the conditions for which they are being offered screening. Consequently, we suggest that prior experiences and personal situations may influence individuals' perceptions of the relevance of screening and, if undergoing testing, their interpretation of their results. This could bring with it additional challenges for the large scale education that is needed if such tests are offered at a population level. In order to ensure screening is accessible and decision making is facilitated, screening programme development could include creative strategies to incorporate and address the role of experiential knowledge in the decisionmaking process.
